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Abstract 

The lACOB spectroscopic survey of Galactic OB stars is an ambitious observational project 
aimed at compiling a large, homogeneous, high-resolution database of optical spectra of 
massive stars observable from the Northern hemisphere. The quantitative spectroscopic 
analysis of this database, complemented by the invaluable information provided by Gaia 
(mainly regarding photometry and distances), will represent a major step forward in our 
knowledge of the fundamental physical characteristics of Galactic massive stars. In addition, 
results from this analysis will be of interest for other scientific questions to be investigated 
using Gaia observations. In this contribution we outline the present status of the lACOB 
spectroscopic database and indicate briefly some of the synergy links between the lACOB 
and Gaia scientific projects. 

1 Introduction 

The Gaia mission will gather a complete astrometric, photoi netric and sp ectroscopic dataset 
of over one billion stars. Its instrument performance (see e.g., Prusti . 201ll ) is designed to pro- 



vide information about proper motions, radial velocities, photometric variability, distances, 
interstellar reddening, rotational velocities, atmospheric parameters, and element abundances 
of the observed stars. The Gaia observations will hence definitely challenge many aspects of 
our present view of the stellar component in the Milky Way. 

While Gaia photometric and spectroscopic observations will allow a proper character- 
ization of the stellar properties of late-B and cooler stars (including abundances), a similar 
study in the case of O and early-B type stars will be somewhat limited. On the one hand, the 
Balmer jump (planned to be observed by the Blue Photometer) is less accurate as indicator 
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Figure 1: lACOB-sweg spectra of four representative O stars in tire optical (panels A and B) and 
Gaia (panel C) spectral ranges. Contrary to the optical range, the Gaia range is almost empty of 
stellar features in the case of O and early B-type stars. Note that the small narrow lines in the Gaia 
range (appart from the C II line) are telluric. 



of the stellar temperature in this type of stars than in the case of cooler stars. On the other 
hand, as illustrated in Figure [U the spectral range observed by the Radial Velocity Spec- 
trometer is almost empty of spectral features which could be used to determine rotational 
velocities, and stellar parameters/abundances (contrarily to the optical range). Although 
Gaia observations will allow to distinguish between early/mid-0, late-0, and early-B type 
stars, a proper (accurate) determination of the stellar parameters will require to combine 
these observations with optical spectra (see more details in Section [2.2p . 

Complementing the Gaia database with optical spectroscopic observations of O and 
early-B stars is hence of crucial importance for any Gaia scientific project involving stellar 
parameters and/or abundances of massive stars. Some examples in the context of this con- 
ference include the full characterization of the IMF of stellar clusters (also accounting for the 
high-mass tail), the study of the impact of massive stars on the formation and dynamical 
evolution of young stellar clusters and associations, or the investigation of self-pollution by 
SNe Type II products in stellar associations with signatures of triggered star formation. 

Although originally motivated by scientific drivers not directly related to Gai43) large 
(on going) optical spectroscopic surveys of O and B-type stars such as GOSSS (P.I. Maiz 
Apellaniz), OWN (P.I. Barba), NoMaDS (P.I. Pellerin), lACOB (P.I. Simon-Diaz), and 
lACOB-sweg (P.I. Negueruela) will become very valuable in the Gaia era. All these surveys, 
initially independent, are now coordinated and the corresponding spectroscopic databases are 
planned to be made public in the future for their maximum exploitation in different scientific 
contexts. 

^The GREAT (Gaia Research for European Astronomy Training) networking programme also plans to 
observe massive stars i n selected clusters as part of more general long term spectroscopic surveys preparing 
and following Gaia (see iBlomme etHl bOHl ) . 
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This contribution concentrates on the lACOB spectroscopic database and its scientific 
exploitation, speciahy remarking some of the synergy links between the lAC OB and Gaia 
scieii t ific projects. Notes on the other surveys ca n be found elsewhere (e.g. 
2ninl : ISota et al.l . 120111 : iMaiz Apellaniz et al.l . 120 llh . 



Barba et al 



2 The lACOB project 

The lACOB project (P.I. Simon-Diaz) aims at progressing in our knowledge of Galactic mas- 
sive stars using a large, homogeneous, high-quality spectroscopic dataset and modern tools 
for the quantitative spectroscopic analysis of O and B-type stars. The project is divided 
into six main working packages. The first one is devoted to the compilation of the lACOB 
spectroscopic database of Northern Galactic OB stars, a very important piece of the project. 
The other five refer to the scientific exploitation of this unique database of high-resolution 
spectra, covering several aspects of interest in the massive star research: 



WP-1: The lACOB spectroscopic database WP-4: Abundances in OB-type stars 
WP-2: Line-broadening in OB stars WP-5: Binary /multiple systems 

WP-3: Quantitative spectroscopic analyses WP-6: massive stars and the ISM 



The number of studies planned to be developed in the framework of the lACOB project (i.e. 
using spectra from the lACOB database) is large. At present, we are concentrating our efforts 
on the investigation of the so-called macroturbulent broadening af fecting the line-profiles o f 
massive stars and its possible connection to stellar pulsations (e.g. I Simon- Diaz et aLLbnid ). 
on the revision of rotational velocities of Galactic OB stars, and on the accurate determi- 
nation of the stellar and wind parameters of the single O and B stars in the sample. Some 
lACOB spectra have also been used to inv estigate the degree of chemical (in) homogeneit y 
of B-type stars in the OriOBl association ( Simon-Diaz . 2010 : Nieva Sz Simon-Diaz . 201 ll ). 
or to provide a fi rm comfirmation of the presence o f a thi rd massive star component in the 
uOriAB system ( Simon-Diaz. Caballero &: Lorenzol . 201 ll ). 



Gaia observations will have a definite importance in some of the outcomes of the lACOB 
project (mainly regarding WPS). In addition, the analysis of spectra from the lACOB 
database (in combination with Gaia observations) will provide unvaluable information for 
other scientific projects studying our Galaxy and/or some of its components. Some examples 
of the synergies between lACOB and Gaia will be provided in Sect. 12. 2| but first we briefiy 
summarize the present status and some future prospects of the lACOB database. 



2.1 The lACOB spectroscopic database: updates and future prospects 

The first spectra for the lACOB spectroscopic database were obtained with the FIES in- 
strument attached to the Nordic Optical Telescope (NOT) in El Roque de los Muchachos 
Observatory (La Palma, Spain) in November 2008. Since then, and up to August 2011, we 
have compiled ~ 1000 spectra of over 200 bright Galactic OB stars with 5 > -25 deg. The 



present version of the database (v2.0) is mainly built on the lACOB vl.O (jSimon-Diaz et al 
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2011a|) plus the following updates: (1) the number of observed stars and compiled multi- 
epoch spectra has increased during 14 new observing nights from 105 and 720 to 204 and 
984, respectively; (2) the database is now complete up to V = 8 mag in the case of 0-type 
stars; (3) the number of observed B0-B2 stars has also increased (now also including giants, 
and not only dwarfs and supergiants). 

New observations are already schedulled with FIES for September 2011. We plan (1) 
to observe fainter O stars (up to V = 9 mag) with a somewhat lower resolution (R = 23 000), 
(2) to increase the number of B-type stars in the database, (3) to obtain at least 3 epochs 
for the whole sample, and (4) to follow up some of the detected binary/multiple systems. 

Since June 2011 (and planned to be completed in November 2011) the lACOB database 
also counts on a new supplement {lACOB-sweg, P.I. I. Negueruela). These new observations, 
obtained with the HERMES spectrograph attached to the Mercator telescope in La Palma, 
extend further to the red (up to 9000 A) than the FIES spectra. They were planned to 
investigate the spectroscopic behavior of MK standars with spectral types earlier than B9 in 
the Gaia range for a optimal future exploitation of the GAIA spectra of this type of stars. 

2.2 Quantitative spectroscopic analyses of massive stars in the Milky Way 



As discussed in Sect. [H and illustrated in Figure [T] the Gaia spectroscopic observations will be 
empty of spectral features which could be used to extract information about the fundamental 
physical parameters of OB-type stars. The situation is different when we consider the optical 
spectral range. The quantitative spectroscopic analysis of this spectral range makes it possible 
to determine the rotational velocities, effec tive teniperatu res, gravities and abundances of 
these stars (see e.g. the recent review by iMartinsl . l201ll . and references therein). When 



the optical analyses are complemented with the information provided by other spectroscopic 
diagnostics (mainly the UV) we can also constrain the wind properties of the analyzed stars. 

Nowadays we count with very powerful tools, such as advanced stellar atmosphere codes 
and stellar evolution models, which have allowed us to make a remarkabl e pro gress in our 
knowledge of the physical and wind properties of massive stars (see review bv[Pu5j2008.). The 
outcome of the quantitative spectroscopic analysis of medium and high resolution optical spec- 



to have reached a high degree of reliability (viz. Herrero et al.', '2OO2'; 'Reuolust et al.l. 


Lefever et al. 


2007: 


Markova & Puis. 


2008|; 


Simon-Diaz. 20ia:,Nieva & Przvbilla. 20101 



ever, it is important not to forget that our interpretation of these results may be clearly biased 
in some cases, mainly due to observational limitations. 

The first point refers to the stellar luminosities, radii and masses. To obtain these 
fundamental parameters we need to combine the derived spectroscopic parameters with in- 
formation about the distance and extinction to the star. At present, the distance to most 
massive stars in our Galaxy are poorly constrained and hence luminosities, radii and masses 
resulting from our analyses are somewhat uncertain in many cases. Table [T] illustrates how 
critical is this point in the case of the 09 V star 10 Lac (d~580 pc). Fortunately, this situation 
will change very soon thanks to Gaia. 

The second point refers to binarity /multi plicity. Most or all massive stars are suspected 



to be born as part of multiple systems (see e.g., IZinnecker &: Yorkd . 120071 : iMason et al.l . l2009l . 
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Table 1: Results from the analysis of 10 Lac (09 V) assuming the present accuracy in dis- 
tance, photometry and stellar parameters. The uncertainties in R, L, and M due to error 
propagation of the uncertainties in stellar parameters {TeS and log 5) and distance are in- 
dicated separately. The later one (in brackets) clearly dominates. We need more accurate 
distances. 

Tcff = 35000±600 K 
logg=3.87±0.10 dex 

R/Rq = 7.52±0m [±1] 
log(L/L0)=4.88±O.O2 [±0.12] 
M/Mq = 16±3 [±5] 



d=589±79 pc (13%) 
=4.879±0.008 
(5-y)=-0.201±0.010 
[B -V)o = -0.27 
^v = 0.214±0.03 
Mv=-4.15±0.30 



Meder et al. (2009) 
Maiz Apellaniz et al. (2004) 
Maiz Apellaniz et al. (2004) 
Martins fc Plez (2006) 



and references therein). Many of these binary/multiple systems remain still unresolved; there- 
fore, it would not be so strange to find studies of massive stars in which its multiple nature 
has not been detected (since these are based on single-epoch spectroscopic and photometric 
observations) and consequently the derived stellar parameters are erroneous. 

Finally, even in isolated objects, other secondary properties such as mass-loss rate 
and rotation also have an important impact on stellar evolution of massive stellar objects 
(jMevnet k Maedei] . l200d l: while it would be desirable to consider a sample of isolated stars 
large enough to investigate in a systematic manner the effect of all these parameters, the 
number of objects analyzed up to now in a consistent way is still limited. 

Quantitative spectroscopic analyses of multi-epoch, large sample observations of Galac- 
tic OB stars (combining spectroscopy, photometry, and accurate distance determinations) are 
hence one of the next important steps to improve our knowledge of massive stars and clar- 
ify some of the gaps that still remain in this important field of Astrophysics. The lACOB 
project is following this approach in the case of Galactic stars. At present, we are performing 
the analysis of the stars included in the lACOB spectroscopic database following an auto- 
matic best-fit strategy based on a extensive grid of syi ithetic HHe spectra comp uted with 
the FASTWIND stellar atmopshere code (see details in ISimon- Diaz et al.l . l2011bl '). As a re- 
sults of this analysis, the project will provide a complete database of stellar parameters of 
Galactic OB stars homogeneously determined. As commented above, the use of accurate 
distances and multi-band photometry will be of crucial importance to complete the stellar 
parameters determined spectroscopically with luminosities, radii, and masses. In this sense, 
Gaia observations will come right on time. 

The final aim of the JACOB spectra and the associated database of stellar parameters 
(including also rotational velocities and abundances) is to increase the amount of observa- 
tional constraints which may help to advance in some of the still outstanding problems in 
the field of massive stars. In addition, they can be used to study e.g. the kinematics of some 
of the Galactic OB clusters and associations, or the impact that massive stars have on the 
formation of other stellar objects (via their strong winds and ionizing fluxes). Finally, we 
plan to provide the spectral energy distributions (SEDs) predicted by the FASTWIND code 
for all the analyzed stars so they can be then used in the study of the interstellar extinction 
along different line of sights (when combined with the observed SEDs provided by Gaia). 
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